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(67) A vacuum pump has, in at least either a stator
disc to be disposed or a rotating disc to be disposed, a
Siegbahn type molecular pump portion in which a spi-
ral-shaped groove with a ridge portion and a root portion
is engraved (disposed), and is structured to ensure high
conductance at a returning flow channel formed at the
outer periphery (outside) of the Siegbahn type molecular
pump portion. This structure is created inside the vacuum
pump by a communicating portion (a groove portion, a
slit) formed on each rotating disc, or an oblique plate
disposed on the stator disc and the communicating por-
tion formed on the rotating disc. With the "communicating
portion," "groove portion," and "slit" being configured to
have "concave" shapes, a concave portion is provided
by engraving a groove radially inward from an outer di-
ameter portion (toward a side of a shaft of the vacuum
pump) in the rotating disc (or stator disc).
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Description

[0001] The present invention relates to a vacuum ex-
haust mechanism, a compound type vacuum pump, and
a rotating body part. More specifically, the presentinven-
tion relates to a vacuum exhaust mechanism, a com-
pound type vacuum pump, and a rotatoring body part
that are capable of effectively connecting pipe lines hav-
ing exhaust actions in a vacuum pump to be disposed.
[0002] The vacuum pump according to the present in-
vention has a casing that configures a housing having
an inlet port and an outlet port, in which a structure that
brings out the exhaust function of the vacuum pump is
stored in this casing. This structure bringing out the ex-
haust function is configured mainly with a rotating portion
(rotor portion) that is axially supported rotatably and a
stator portion fixed to the casing.

[0003] The vacuum pump is also provided with a motor
for rotating a rotating shaft at high speeds. By causing
the motor to rotate the rotating shaft at high speed, gas
is suctioned through the inlet port and discharged through
the outlet port by the interaction between rotor blades
(rotating discs) and stator blades (stator discs).

[0004] Of vacuum pumps, a Siegbahn type molecular
pump with a Siegbahn type configuration has rotating
discs (rotating circular plates) and stator discs arranged
with a gap (clearance) with the rotating discs in an axial
direction, wherein a spiral-shaped groove (helical groove
or coil-shaped groove) flow channel is formed on the sur-
face of at least each rotating disc or stator disc that is
opposite to the gap. In this vacuum pump, the gas mol-
ecules spreading inside the spiral-shaped groove flow
channel are given a momentum in a rotating disc tangen-
tial direction (i.e., the direction of the tangent to the di-
rection of rotation of the rotating discs) by the rotating
discs, and thereby evacuated with advantageous direc-
tivity through the spiral-shaped grooves from the inlet
port toward the outlet port.

[0005] Inordertoindustrially apply such Siegbahntype
molecular pump or a vacuum pump having a Siegbahn
type molecular pump portion, the rotating discs and the
stator disc are arranged in multiple stages because with
single stages of a rotating disc and a stator disc the com-
pression ratio becomes insufficient.

[0006] The Siegbahn type molecular pump is a radial
flow pump element. Therefore, in order to arrange the
discs in multiple stages, a configuration is necessary in
which, for example, the gas turns at the outer peripheral
end portions and the inner peripheral end portions of the
rotating discs and stator disc so as to be evacuated from
the inlet port to the outlet port (i.e., along the axial direc-
tion of the vacuum pump), such as from the outer periph-
eral portion to the inner peripheral portion, then from the
inner peripheral portion to the outer peripheral portion,
and then again from the outer peripheral portion to the
inner peripheral portion.

[0007] Japanese Patent Application Laid-open No.
S60-204997 discloses a vacuum pump that has, in a
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pump housing, a turbomolecular pump portion, a spiral-
shaped groove pump portion, and a centrifugal pump por-
tion.

[0008] Japanese Utility Model Registration No.
2501275 discloses a Siegbahn type molecular pump in
which spiral-shaped grooves extending in different direc-
tions are provided on a surface of each rotating disc and
a surface of each stationary disc that are opposed each
other.

[0009] The flow of gas molecules (gas) in the configu-
ration described in each of these conventional technol-
ogies is as follows.

[0010] The gas molecules that are transferred to the
inner diameter portion of an upstream Siegbahn type mo-
lecular pump portion are discharged to a space formed
between a rotating cylinder and a stator disc. The gas
molecules are then suctioned into the inner diameter por-
tion of a downstream Siegbahn type molecular pump por-
tion that is opened to the space, and then transferred to
the outer diameter portion of the downstream Siegbahn
type molecular pump portion. In a case where the discs
are arranged in multiple stages, this flow of gas repeats
throughout the stages.

[0011] However, since the exhaust does not act in the
space described above (i.e., the space formed between
the rotating cylinder and each stator disc), the momentum
in the exhaust direction that is given to the gas molecules
in the upstream Siegbahn type molecular pump portion
is lost as soon as the gas molecules reach this space.
[0012] FIG.7isadiagram forexplaining a conventional
Siegbahn type molecular pump 1000, showing an exam-
ple of a schematic configuration of the conventional Sieg-
bahn type molecular pump 1000. The arrows show how
the gas molecules flow.

[0013] Hereinafter, the inlet port 4 side of a single (sin-
gle-stage) stator disc 5000 is described as a Siegbahn
type molecular pump upstream region, and the outlet port
6 side of the same is described as Siegbahn type molec-
ular pump downstream region.

[0014] FIG. 8isadiagram for explaining the stator disc
5000 disposed in the conventional Siegbahn type molec-
ular pump 1000, showing a cross-sectional diagram of
the stator disc 5000 viewed from the inlet port 4 (FIG. 7)
of the conventional Siegbahn type molecular pump 1000.
The arrows inside the stator disc 5000 show how the gas
molecules flow, and the arrow outside the stator disc
5000 represents the direction of rotation of rotating discs
9000 (FIG. 7).

[0015] As described above, even if an advantageous
momentum is given to the gas molecules aiming at the
outlet port 6 in the Siegbahn type molecular pump 1000,
the given momentum is lost because an outer returning
flow channel b for the gas molecules is merely a "con-
necting" space that does not have an exhaust. Conse-
quently, the exhaust breaks off in the outer returning flow
channel b, releasing the gas molecules each time pass-
ing through the outer turn-back flow channel b. As a re-
sult, favorable exhaust efficiency cannot be realized by
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this conventional Siegbahn type molecular pump 1000.
[0016] Reducing the cross-sectional area of the outer
returning flow channel b (i.e., narrowing the gap formed
between the outer diameter portion of the rotating disc
9000 and the inner diameter of a spacer 60) leads to
accumulation of the gas molecules in the outer returning
flow channel b and an increase in the pressure in the
outer returning flow channel b which is the outlet of the
Siegbahn type molecular pump downstream region (the
returning portion from the downstream region of an upper
stator disc 5000 toward the upstream region of a lower
stator disc 5000). As a result, pressure loss occurs, low-
ering the exhaust efficiency of the entire vacuum pump
(the Siegbahn type molecular pump 1000).

[0017] For the purpose of preventing such decrease
of the exhaust efficiency, in the past the cross-sectional
area and pipe line width of the outer returning flow chan-
nel b had to be significantly greater than the cross-sec-
tional area and width of a pipe line of the Siegbahn type
molecular pump (a tubular flow channel that is a pipe line
and gap formed between a part of the rotating disc 9000
and a part of the stator disc 5000 that are opposite to
each other (in the axial direction), through which the gas
molecules pass).

[0018] However, increasing the size of the outer re-
turning flow channel b leads to an increase in the diam-
eters of a casing 2 and the spacer 60, increasing the size
of the pump and the material costs.

[0019] Moreover, in order to reduce the outer diameter
of the rotating disc 9000 or the stator disc 5000 to ensure
the cross-sectional area of the outer returning flow chan-
nel b, the length of the flow channel in the radial direction
needs to be reduced, as well as the compression per-
formance per stage. As aresult, the number of stages in
the Siegbahn type molecular pump portion needs to be
increased.

[0020] However, increasing the number of stages
leads to an increase in the material cost and machining
costs of the rotating disc 9000 and stator disc 5000.
[0021] In addition, when the mass/inertia moment of
the rotating disc 9000 increases due to high-speed rota-
tion thereof, extra capacity of a magnetic bearing device
supporting the rotating disc needs to be increased ac-
cordingly, resulting in an increase in the costs of compo-
nents configuring the vacuum pump.

[0022] On the other hand, reducing the outer diameter
of the stator disc 5000 on the outer diameter side to in-
crease the size of the outer returning flow channel b,
leads to a decrease in the radial size of the Siegbahn
type molecular pump portion, and hence insufficient com-
pression performance per stage.

[0023] An object of the present invention, therefore, is
to provide a vacuum exhaust mechanism, a compound
type vacuum pump, and a rotatoring body part that are
capable of effectively connecting pipe lines having ex-
haust actions in a vacuum pump to be disposed.
[0024] In order to achieve the foregoing object, the in-
vention described in claim 1 provides a vacuum exhaust
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mechanism, having: a housing in which an inlet port and
an outlet port are formed; a rotary shaft contained in the
housing and supported in a rotatably manner; a rotatoring
body part that has a rotating disc-shaped portion dis-
posed on the rotary shaft or an outer peripheral surface
of a cylindrical body disposed around the rotary shaft; a
stator disc-shaped portion that is disposed concentrically
with the rotating disc-shaped portion and is opposite to
the rotating disc-shaped portion in an axial direction with
a space therebetween; and a spacer portion that is
formed separately from the stator disc-shaped portion or
integrally with the stator disc-shaped portion in order to
fix the stator disc-shaped portion, the vacuum exhaust
mechanism transferring a gas suctioned from a side of
the inlet port to a side of the outlet port by an interaction
between the rotating disc-shaped portion and the stator
disc-shaped portion, a spiral-shaped groove with a ridge
portion and a root portion is provided in at least a part of
an opposed surface of at least either the rotating disc-
shaped portion or the stator disc-shaped portion in the
axial direction, and the rotating disc-shaped portion has,
in at least a part of an outer peripheral portion thereof, a
groove portion for connecting a surface of the rotating
disc-shaped portion on the side of the inlet port with a
surface of the same on the side of the outlet port.
[0025] The invention described in claim 2 provides the
vacuum exhaust mechanism according to claim 1,
wherein the groove portion is disposed to incline in an
exhaust direction of the vacuum exhaust mechanism at
an inclination angle to a central axis of the rotating disc-
shaped portion.

[0026] Theinventiondescribedin claim 3 providesvac-
uum exhaust mechanism according to claim 2, wherein
an oblique plate which opposes to atleast eitheran open-
ing end of the groove portion on the side of the inlet port
or an opening end of the same on the side of the outlet
port is provided to at least either the stator disc-shaped
portion or the spacer portion, and the oblique plate is
disposed to incline in an direction opposite to the incli-
nation angle of the groove portion at an inclination angle
to the central axis of the rotating disc-shaped portion.
[0027] The invention described in claim 4 provides a
compound type vacuum pump, including in a compound-
ed form: a Siegbahn type exhaust mechanism portion
having the vacuum exhaust mechanism of claim 1, 2 or
3; and a thread groove type molecular pump mechanism
portion, which is a vacuum exhaust mechanism that has
athread groove in at least a part of an opposed surface,
at which a stator portion disposed inside the housing and
an outer peripheral surface of a cylindrical body disposed
around the rotary shaft are opposite to each other, and
transfers the gas suctioned from the side of the inlet port
to the side of the outlet port.

[0028] The invention described in claim 5 provides a
compound type vacuum pump, including in a compound-
ed form: a Siegbahn type exhaust mechanism portion
having the vacuum exhaust mechanism of claim 1, 2 or
3; rotor blades that extend radially from the rotary shaft
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or an outer peripheral surface of a cylindrical body dis-
posed around the rotary shaft; and a turbomolecular
pump mechanism portion, which is a vacuum exhaust
mechanism that has stator blades disposed with a pre-
determined distance to the rotor blades and transfers the
gas suctioned from the side of the inlet port to the side
of the outlet port, by an interaction between the rotor
blades and the stator blades.

[0029] The invention described in claim 6 provides a
compound type vacuum pump, including in a compound-
ed form: a Siegbahn type exhaust mechanism portion
having the vacuum exhaust mechanism of claim 1, 2 or
3; a thread groove type pump mechanism portion that
has a thread groove in at least a part of an opposed sur-
face, atwhich a stator portion disposed inside the housing
and an outer peripheral surface of a cylindrical body dis-
posed around the rotary shaft are opposite to each other,
and transfers the gas suctioned from the side of the inlet
port to the side of the outlet port; and a turbomolecular
pump mechanism portion, which is a vacuum exhaust
mechanism that has rotor blades that extend radially from
the rotary shaft or an outer peripheral surface of the cy-
lindrical body disposed around the rotary shaft and stator
blades disposed with a predetermined distance to the
rotor blades, and transfers the gas suctioned from the
side of the inlet port to the side of the outlet port, by an
interaction between the rotor blades and the stator
blades.

[0030] The invention described in claim 7 provides a
rotatoring body part according to any one of claims 1, 2
and 3, which has the rotary shaft and a rotating disc-
shaped portion disposed around the rotary shaft, and is
used in a vacuum pump, wherein the rotating disc-
shaped portion has, in atleast a part of an outer peripheral
portion thereof, a groove portion for connecting a surface
of the rotating disc-shaped portion on the side of inlet
port of the vacuum pump with a surface of the same on
the side of the outlet port of the vacuum pump.

[0031] The invention described in claim 8 provides the
rotatoring body part according to claim 7, wherein the
rotating disc-shaped portion has a spiral-shaped groove
with a ridge portion and a root portion in at least a part
of at least either a surface of the rotating disc-shaped
portion on the side of inlet port of the vacuum pump or a
surface of the same on the side of the outlet port of the
vacuum pump.

[0032] The invention described in claim 9 provides the
rotatoring body part according to claim 7 or 8, wherein
the groove portion is disposed at a predetermined angle
to a central axis of the rotating disc-shaped portion.
[0033] The invention described in claim 10 provides a
rotatoring body part, which is used in a vacuum pump
having an inlet port and an outlet port and which has a
rotating disc-shaped portion, wherein at least a part of
an opposed surface of at least either the rotating disc-
shaped portion or a stator disc-shaped portion that is
opposite to the rotating disc-shaped portion in an axial
direction with a space therebetween, has a spiral-shaped
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groove with a ridge portion and a root portion in the axial
direction, and the rotating disc-shaped portion has, in at
least a part of an outer peripheral portion thereof, a
groove portion for connecting a surface of the rotating
disc-shaped portion on the side of the inlet port with a
surface of the same on the side of the outlet port.
[0034] The invention described in claim 11 provides a
rotatoring body part, whichis used in the vacuum exhaust
mechanism of any one of claims 1 to 3.

[0035] The present invention can provide a vacuum
exhaust mechanism and a rotatoring body part that are
capable of effectively connecting pipe lines having ex-
haust actions in a vacuum pump to be disposed, and a
compound type vacuum pump capable of effectively con-
necting the pipe lines having exhaust actions.

[0036]

FIG. 1 is a diagram showing an example of a sche-
matic configuration of a Siegbahn type molecular
pump according to an embodiment of the present
invention;

FIG. 2 is a diagram for explaining a rotating disc ac-
cording to the embodiment of the present invention;
FIG. 3 is an enlarged view for explaining a groove
portion according to the embodiment of the present
invention;

FIG. 4 is a diagram showing an example of a sche-
matic configuration of a Siegbahn type molecular
pump according to an embodiment of the present
invention;

FIG. 5 is a diagram for explaining a rotating disc ac-
cording to the embodiment of the present invention;
FIG. 6 is an enlarged view for explaining the embod-
iment of the present invention;

FIG. 7 is adiagram for explaining a prior art, showing
an example of a schematic configuration of a con-
ventional Siegbahn type molecular pump; and

FIG. 8 is a cross-sectional diagram for explaining the
prior art, showing a stator disc viewed from an inlet
port.

(i) Summary of Embodiments

[0037] A vacuum pump according to an embodiment
of the present invention has a Siegbahn type molecular
pump portion in which a spiral-shaped groove with aridge
portion and a root portion is engraved (disposed) in at
least each stator disc (stator disc-shaped portion) to be
disposed or each rotating disc (rotating disc-shaped por-
tion) to be disposed. The vacuum pump is structured to
ensure high conductance at a returning flow channel
formed at the outer periphery (outside) of the Siegbahn
type molecular pump portion.

[0038] Inthe embodiment of the presentinvention, the
structure for ensuring high conductance is created inside
the vacuum pump by a communicating portion (a groove
portion, a slit) formed on each rotating disc, or an oblique
plate disposed on each stator disc and the communicat-
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ing portion formed on each rotating disc.

[0039] In the embodiment of the present invention,
such terms as "communicating portion," "groove portion,"
and "slit" are used to express a "concave" shape. This
portion in a concave shape (concave portion) is a groove
engraved in each rotating disc (or stator disc). Precisely,
this concave portion is a groove engraved radially inward
from the outer diameter portion (toward the part of the
vacuum pump where the shaft is disposed) in each ro-
tating disc (or stator disc). Hereinafter, the present em-
bodiment generically describes this concave portion
"groove portion."

(i) Details of Embodiments

[0040] Preferredembodiments of the presentinvention
are described hereinafterin detail with reference to FIGS.
1t0 6.

[0041] The presentembodiment describes a Siegbahn
type molecular pump as an example of a vacuum pump
in which the direction perpendicular to the diameter di-
rection of rotating discs is the axial direction.

[0042] First, an example of the configuration of the
Siegbahn type molecular pump is now described in which
the Siegbahn type molecular pump has a vacuum ex-
haust mechanism with a return exhaust system where
the gas in the Siegbahn type molecular pump upstream
region is evacuated from the outer diameter side toward
the inner diameter side and then the gas in the Siegbahn
type molecular pump downstream region is evacuated
from the inner diameter side toward the outer diameter
side.

(ii-1) Configuration

[0043] FIG. 1 is a diagram showing an example of a
schematic configuration of a Siegbahn type molecular
pump 1 according to a first embodiment of the present
invention, showing a cross-sectional diagram of the Sieg-
bahn type molecular pump 1 in the axial direction. Note
that the arrows in the diagram show how a gas flows.
Note that the arrows showing how a gas flows are shown
in a part of the diagram.

[0044] A casing 2 constituting a housing of the Sieg-
bahn type molecular pump 1 is roughly in the shape of a
cylinder and configures a housing of the Siegbahn type
molecular pump 1 along with a base 3 provided below
the casing 2 (on the outlet port 6 side). A gas transfer
mechanism, a structure that brings out the exhaust func-
tion of the Siegbahn type molecular pump 1, is stored in
this housing.

[0045] This gas transfer mechanism is configured
mainly with a rotating portion supported (axially support-
ed) rotatably and a stator portion fixed to the housing.
[0046] Aninletport4 forintroducing a gasintothe Sieg-
bahn type molecular pump 1 is formed at an end portion
of the casing 2. A flange portion 5 protruding toward the
outer periphery is formed on an end surface of the casing
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2 at the inlet port 4 side.

[0047] An outlet port 6 for evacuating the gas from the
Siegbahn type molecular pump 1 is formed on the base 3.
[0048] The rotating portion (rotor portion) is configured
with a shaft 7, which is a rotary shaft, a rotor 8 disposed
on the shaft 7, a plurality of rotating discs 9 provided on
the rotor 8, a rotating cylinder (rotator cylinder portion)
10, and the like. The rotor portion is configured with the
shaft 7 and the rotor 8.

[0049] Each of the rotating discs 9 is formed from a
disc-shaped member that extends radially in the direction
perpendicular to the axis of the shaft 7.

[0050] The rotating cylinder 10 is formed from a cylin-
drical member concentric with the axis of rotation of the
rotor 8.

[0051] A motor portion 20 for rotating the shaft 7 at high
speeds is provided around the middle of the shaft 7 in
the axial direction.

[0052] Furthermore, radial magnetic bearing devices
30, 31 for supporting (axially supporting) the shaft 7 in a
radial direction in a non-contact manner are provided on
the inlet port 4 side and the outlet port 6 side of the shaft
7 with respect to the motor portion 20. On the other hand,
an axial magnetic bearing device 40 for supporting (ax-
ially supporting) the shaft 7 in the axial direction in a non-
contactmanneris provided at the lower end of the shaft 7.
[0053] The stator portion is formed on the inner periph-
eral side of the housing. This stator portion is configured
with, for example, a plurality of stator disc 50 with spiral-
shaped grooves that are provided on the inlet port 4 side.
The spiral-shaped grooves with ridge portions and root
portions are engraved in the stator disc 50.

[0054] According to the present embodiment, the spi-
ral-shaped grooves are engraved in the stator disc (the
stator disc 50 with spiral-shaped grooves); however, the
configuration of the spiral-shaped grooves is not limited
thereto. A spiral-shaped groove flow channel may be en-
graved on a gap-facing surface of at least either each of
the rotating discs 9 or each of the stator disc.

[0055] Each of the stator disc 50 with spiral-shaped
grooves is configured with a disc-shaped member that
extends radially in the direction perpendicular to the axis
of the shaft 7.

[0056] The stator disc 50 with spiral-shaped grooves
in each stage is fixed to a cylindrical spacer 60 (stator
portion) with a distance therebetween. The arrows shown
in FIG. 1 show how the gas flows. In the Siegbahn type
molecular pump 1, the rotating discs 9 and the stator disc
50 with spiral-shaped grooves are disposed alternately
in a plurality of stages in the axial direction, but any
number of rotor parts and stator parts can be provided
according to need in order to fulfill the exhaust perform-
ance required in the vacuum pump.

[0057] The Siegbahn type molecular pump 1 config-
ured as described above executes a vacuum exhaust
process in a vacuum chamber (not shown) provided
therein.

[0058] The Siegbahntype molecular pump 1 according



9 EP 3 088 744 A1 10

to each embodiment of the present invention has groove
portions 900, as shown in FIG. 1.

(ii-2-i) First Embodiment

[0059] The Siegbahn type molecular pump portion of
the Siegbahn type molecular pump 1 according to the
first embodiment of the present invention has a configu-
ration in which, for example, spiral-shaped grooves in
the stator portion but not in the rotating portion (rotor por-
tion).

[0060] In the firstembodiment of the presentinvention,
the groove portions 900 are provided in the outer diam-
eter portions of the rotating discs 9 configuring the rotat-
ing portion (rotor portion).

[0061] FIG. 2 is a diagram for explaining the rotating
discs 9 according to the first embodiment of the present
invention. As shown in the diagram, according to the first
embodiment of the present invention, the outer diameter
of the rotating discs 9 is substantially equal to the outer
diameter of the surfaces of the stator disc 50 where the
spiral-shaped grooves are engraved.

[0062] FIG. 2A is a cross-sectional diagram of one of
the rotating discs 9, taken along A-A’ direction shown in
FIG. 1 inwhich the rotating disc 9 is viewed from the inlet
port 4 side. In this diagram, a part of one of the stator
disc 50 with spiral-shaped grooves is shown under the
rotating disc 9.

[0063] Also in this diagram, the spiral-shaped grooves
of this stator disc 50 are shown with broken lines. The
solid arrows shown in this diagram representthe direction
of rotation of the rotating disc 9, and the broken arrows
show how the gas molecules (gas) flow in the flow chan-
nel.

[0064] FIG. 2B is an arrow view taken along B direction
shown in FIG. 2A, showing the stator disc 50 with spiral-
shaped grooves, and the rotating disc 9 with the groove
portions 900 that is sandwiched between the upstream
(the inlet port 4 side) surface of the stator disc 50 with
spiral-shaped grooves and the downstream (the outlet
port 6 side) surface of the same. The solid arrows in the
diagram show how the gas molecules flow.

[0065] FIG. 2C is a diagram for explaining groove por-
tions 901 that are configured by tilting the groove portions
900. The groove portions 901 are described hereinafter
in detail in a modification of the first embodiment.
[0066] FIG. 3 is a partial enlarged view of a Siegbahn
type exhaust mechanism (Siegbahn type molecular
pump portion), explaining the groove portions 900 ac-
cording to the first embodiment of the present invention.
[0067] As shown in FIGS. 2A, 2B and 3A, the groove
portions 900 are formed in the outer peripheral portions
(outer diameter portions) of the rotating discs 9 according
to the first embodiment of the present invention. More
precisely, in order to connect the upstream side of the
flow channel of the gas transfer mechanism (Siegbahn
type molecular pump portion) of the Siegbahn type mo-
lecular pump 1 with the downstream side of the same,
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the groove portions 900 that connect the surface of the
Siegbahn type molecular pump upstream region (i.e., the
surface on the side of the inlet port) of the rotating discs
9 with the surface of the Siegbahn type molecular pump
downstream region (i.e., the surface on the side of the
outlet port) of the same are engraved in the outer diam-
eter portions of the rotating discs 9.

[0068] According to such a configuration having the
rotating discs 9 in which the groove portions 900 are
formed, even ifthe size of the outer returning flow channel
a (FIG. 1) configured by the spacer 60 and the rotating
discs 9 is reduced, the opening area of the flow channel
of the Siegbahn type molecular pump portion can be en-
sured so that the section thereof between the upstream
side and the downstream side does not close.

[0069] More specifically, the gas molecules can pass
through the space formed by the groove portions 900 as
a part of the outer returning flow channel a (i.e., the flow
channel added as a returning flow channel).

[0070] Ontheotherhand, the exhaustactionisinduced
by the interaction between the parts of the outer periph-
eral portions of the rotating discs 9 where the groove
portions 900 are not formed and the stator disc 50 with
spiral-shaped grooves.

[0071] In other words, the flow channel area of the re-
turning flow channel between the outlet of the upstream
region of the Siegbahn type molecular pump 1 and the
outlet of the downstream region of the same can be in-
creased by the cross-sectional area of the groove por-
tions 900, compared to the configuration in which the
groove portions 900 are not formed. The cross-sectional
area of the outer returning flow channel a can be reduced
in accordance with this increase.

[0072] In the present embodiment, this configuration
can achieve a reduction of the outer diameters of the
spacer 60 and the casing 2, reducing the sizes of the
parts and hence the costs and the size of the Siegbahn
type molecular pump 1.

[0073] Itis preferred thatthe width, pitch, aperture ratio
and the like of the groove portions 900 be set as appro-
priate based on the ratio between the cross-sectional ar-
ea necessary to make the outer returning flow channel
a and the parts (surfaces) of the rotating discs 9 without
the groove portions 900 that are required to induce the
exhaust action.

[0074] Inaddition,the amount of gas molecules flowing
backwards against the exhaust action of the Siegbahn
type molecular pump 1 increases as the pressure in-
creases. The peripheral width, the radial depth, the pitch-
es, and the aperture ratio of the groove portions 900 dis-
posed at the outlet port 6 side need to be narrower, finer,
and smaller than those of the groove portions 900 dis-
posed at the inlet port 4 side.

[0075] The first embodiment of the present invention
is preferably not configured in such a manner as to de-
teriorate the drag effect of the gas molecules provided
with a momentum by the rotating discs 9, to make the
groove portions 900 deeper toward the inside (i.e., radi-
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ally inward of the rotating discs 9) (make the slits deeper)
for the purpose of reducing the possibility that the gas
molecules might flow backwards from the downstream
portion toward the upstream portion, or to increase the
aperture ratio of the groove portions 900 with respect to
the periphery of the rotating discs 9.

[0076] It is preferred that the width and depth (radial
direction) of the groove portions 900 according to the first
embodiment of the present invention be determined as
appropriate in accordance with the pressure conditions
on the sections to be installed with the groove portions
900 and especially the characteristics of the gas to be
evacuated. However, for the purpose of ensuring at least
the drag effect, it is preferred that the depth of the groove
portions 900 be less than 30% or more preferably less
than 10% of the radial width of the spiral-shaped grooves
engraved in the stator disc 50, as shown in FIG. 3.
[0077] Moreover, as shown in FIG. 3B, in the first em-
bodiment of the present invention the groove portions
900 may extend to the sections where the spiral-shaped
grooves are not formed.

(ii-2-ii) Modification of First Embodiment

[0078] The first embodiment described above can be
modified as follows.

[0079] FIG.2Cisanarrow view taken along B direction
shown in FIG. 2A, wherein the solid arrows show how
the gas molecules flow.

[0080] AsshowninFIG. 2C, in the structure according
to the modification of the first embodiment of the present
invention, the outer peripheral portion of the rotating disc
9 is provided with a groove portion 901 that is connected
with the upstream side and downstream side of the flow
channel in the gas transfer mechanism (Siegbahn type
molecular pump portion) of the Siegbahn type molecular
pump 1 and is inclined toward the outlet port 6 along the
direction of rotation of the rotating discs 9 (i.e., at a pre-
determined angle to the axial direction of the Siegbahn
type molecular pump 1). Specifically, the present modi-
fication is different from the first embodiment in that the
groove portions each have aninclination (i.e., the groove
portions are disposed axially obliquely in the outer diam-
eter portions of the rotating discs 9).

[0081] In the modification of the first embodiment of
the present invention, the groove portions formed in the
rotating discs 9 (the groove portions 900) are configured
into the groove portions 901 having inclined surfaces, so
the gas molecules entering the inclined surfaces can be
provided with an advantageous momentum and thereby
reflected/spread mainly in the exhaust direction (toward
the downstream).

[0082] As a result, the Siegbahn type molecular pump
1 can cause the exhaust action more efficiently.

[0083] The configurations of the first embodiment and
the modification can cause the exhaust action in the con-
ventional outer returning flow channel that is installed as
a connecting pipe line in which the exhaust action is not
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caused, thereby furtherimproving the pump performance
of the Siegbahn type molecular pump 1.

(ii-3-1) Second Embodiment

[0084] FIG. 4 is a diagram showing an example of a
schematic configuration of a Siegbahn type molecular
pump 100 according to a second embodiment of the
present invention, the diagram being a cross-sectional
diagram taken along the axial direction of the Siegbahn
type molecular pump 100.

[0085] The configurations same as those shown in
FIG. 1 are provided with the same reference numerals;
thus, the explanations thereof are omitted accordingly.
[0086] As shown in FIG. 4, the Siegbahn type molec-
ular pump 100 according to the second embodiment of
the present invention has the groove portions 901 dis-
posed at a predetermined angle to the axial direction of
the Siegbahn type molecular pump 100, and oblique
plates 70.

[0087] FIG. 5 is a diagram for explaining the rotating
discs 9 according to the second embodiment of the
present invention.

[0088] FIG. 5A is a cross-sectional diagram taken
along A-A’ direction shown in FIG. 4, showing one of the
rotating discs 9 viewed from the inlet port 4 side. This
diagram also shows a part of one of the stator disc 50
with spiral-shaped grooves under the rotating disc 9. The
broken lines represent the spiral-shaped grooves en-
graved in the stator disc 50. The solid arrow shown in
the diagram represents the direction of rotation of the
rotating disc 9, and the broken arrows show how the gas
molecules (gas) flow in the flow channel.

[0089] FIG.5Bisanarrow view taken along B direction
shown in FIG. 5A, wherein the solid arrows show how
the gas molecules flow, and the broken lines represent
the stator disc 50 with spiral-shaped grooves.

[0090] FIG. 6A is an enlarged view for explaining the
second embodiment of the present invention. The Sieg-
bahn type molecular pump portion of the Siegbahn type
molecular pump 100 according to the second embodi-
ment of the present invention has a configuration in
which, for example, the spiral-shaped grooves are
formed in the stator portion but not in the rotating portion
(rotor portion).

[0091] In the Siegbahn type molecular pump 100 ac-
cording to the second embodiment of the present inven-
tion, as shown in FIGS. 5B and 6A, the outer diameter
portion of the rotating disc 9 in which no spiral-shaped
grooves are formed is provided with the groove portion
901 having a predetermined angle to the axial direction
of the Siegbahn type molecular pump 100. In the stator
disc 50 provided with spiral-shaped grooves, the oblique
plates 70 sitting at a predetermined angle in a direction
opposite to the direction of inclination of the foregoing
groove portion 901 (to the axial direction of the Siegbahn
type molecular pump 100) are disposed at an outer di-
ameter end portion 50a of the stator disc 50 where no
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spiral-shaped grooves are formed.

[0092] More specifically, the oblique plates 70 accord-
ing to the second embodiment of the present invention
are thin, plate-shaped members that protrude from the
spacer 60 side toward the rotating cylinder 10 side and
are fixed to the stator disc 50 with spiral-shaped grooves
in such a manner as to be disposed above and below
the flow channel formed by the groove portions 901 of
the rotating disc 9 (on the inlet port 4 side and the outlet
port 6 side), with a gap between the oblique plates 70
andtherotating disc 9 (i.e., with a predetermined distance
to the groove portions 901 in the axial direction of the
Siegbahn type molecular pump 100).

[0093] The oblique plates 70 are disposed between
the upstream side (the inlet port 4 side) and the down-
stream side (the outlet port 6 side) in the second embod-
imentofthe presentinvention, but may be disposed either
on the upstream side or the downstream side.

[0094] In other words, in the second embodiment of
the present invention, the gas molecules flowing through
the gas transfer mechanism (Siegbahn type molecular
pump portion) are given a momentum preferential to the
exhaust direction by the interaction between the space
(gap) inside the groove portions 901 formed in the rotat-
ing disc 9 and the oblique plates 70 inclined in the direc-
tion axially opposite to the direction of inclination of the
groove portions 901, and at the same time pass through
the flow channel turning back at the outer diameter side
(the outer returning flow channel a).

[0095] According to this configuration, in the Siegbahn
type molecular pump 100 according to the second em-
bodiment of the present invention, the gas molecules that
are given the momentum preferential to the exhaust di-
rection by the groove portions 901 in the gas transfer
mechanism of the Siegbahn type molecular pump 100
can be further reflected and spread by the oblique plates
70 in the preferential exhaust direction in the outer re-
turning flow channel a (the position same as that shown
in FIG. 1. The flow channel in the axial direction of the
Siegbahn type molecular pump 1).

[0096] In this manner, the second embodiment of the
present invention can bring out the synergetic effect be-
tween the groove portions 901 and the oblique plates 70,
preventing, more proactively, the momentum from be-
coming dissipated. In addition, the exhaust action can
constantly occur in the outer returning flow channel a (the
position same as that shown in FIG. 1).

(ii-3-ii) Modification of Second Embodiment

[0097] The spiral-shaped grooves are formed in the
stator disc configuring the stator portion in the foregoing
second embodiment, but may be formed in the rotating
portion (rotor portion).

[0098] In the Siegbahn type molecular pump 100 ac-
cording to a modification of the second embodiment of
the present invention, a rotating disc 90 in which spiral-
shaped grooves are formed is provided with groove por-
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tions 902 that sit at a predetermined angle to the axial
direction of the Siegbahn type molecular pump 100, as
shown in FIG. 6B. Furthermore, oblique plates 71 sitting
at a predetermined angle in a direction opposite to the
direction of inclination of the groove portions 902 (to the
axial direction of the Siegbahn type molecular pump 100)
are disposed at an outer diameter end portion 51a of a
stator disc 51 where no spiral-shaped grooves are
formed.

[0099] As with the foregoing second embodiment, the
oblique plates 71 are thin, plate-shaped members that
are fixed to the stator disc 51 in such a manner as to be
disposed above and below the flow channel formed by
the groove portions 902 of the rotating disc 90 with spiral-
shaped grooves (on the inlet port 4 side and the outlet
port 6 side), with a distance to the rotating disc 90 with
spiral-shaped grooves (i.e., with a predetermined dis-
tance to the groove portions 902 in the axial direction of
the Siegbahn type molecular pump 100).

[0100] In the modification of the second embodiment
of the presentinvention, as shown in FIG. 6B, the oblique
plates 71 are installed between the spacer 60 on the up-
stream (the inlet port 4) side and the groove portions 902
(the rotating disc 90 with spiral-shaped grooves) and be-
tween the groove portions 902 (the rotating disc 90 with
spiral-shaped grooves) and the spacer 60 on the down-
stream (the outlet port 6) side. However, the oblique
plates 71 may be disposed either on the upstream side
or the downstream side.

[0101] According to the modification of the second em-
bodiment of the present invention, the gas molecules are
given a momentum preferential to the exhaust direction
by the interaction between the space inside the groove
portions 902 formed in the rotating disc 90 with spiral-
shaped grooves and the oblique plates 71 having an in-
clination in the direction axially opposite to the direction
of the inclination of the groove portions 902, and at the
same time pass through the flow channel turning back
at the outer diameter side (the outer returning flow chan-
nel a). The synergetic effect by this interaction can pre-
vent, more proactively, the momentum from becoming
dissipated. In addition, the exhaust action can constantly
occur in the outer returning flow channel a.

[0102] The configurations of the second embodiment
and the modification can cause the exhaust action in the
conventional outer returning flow channel that is installed
as a connecting pipe line in which the exhaust action is
not caused, thereby further improving the pump perform-
ance of the Siegbahn type molecular pump 100.

[0103] In the Siegbahn type molecular pump (1, 100),
the groove portions 900 (901, 902) according to the em-
bodiments and modifications of the presentinvention can
be employed in discs that are arranged in the uppermost-
stream returning flow channel that is disposed above
these grooves and does not have the pump element of
the molecular pump portion configured with the Siegbahn
type exhaust mechanism alone or in the lowermost-
stream returning flow channel that is disposed below
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these grooves and does not have the pump element of
the Siegbahn type molecular pump portion (the rotating
discs 9 or rotating discs 90 with spiral-shaped grooves if
the discs are of the rotating portion, and the stator disc
51 or stator disc 50 with spiral-shaped grooves if the discs
are of the stator portion). The oblique plates 70 (71) cor-
responding to the groove portions formed in either one
of the discs can also be employed in the uppermost-
stream flow channel and the lowermost-stream flow
channel.

[0104] The inclinations of the groove portions (the pre-
determined angles) described in the foregoing embodi-
ments and modifications of the presentinvention are pref-
erably set downward at 5 to 85 degrees (depression an-
gle/inclination) with respect to the direction that is per-
pendicular to the axis of the Siegbahn type molecular
pump (1, 100) as the horizontal reference.

[0105] Note that the foregoing embodiments may be
combined in various ways.

[0106] The foregoing embodiments of the present in-
vention are not limited to a Siegbahn type molecular
pump. The embodiments of the present invention can be
applied to a compound turbomolecular pump with a Sieg-
bahn type molecular pump portion and a turbomolecular
pump portion, a compound turbomolecular pump with a
Siegbahn type molecular pump portion and a thread
groove pump portion, or a compound turbomolecular
pump (vacuum pump) with a Siegbahn type molecular
pump portion, a turbomolecular pump portion, and a
thread groove pump portion.

[0107] Although not shown, a compound type vacuum
pump with a turbomolecular pump portion is further pro-
vided with a rotating portion configured with a rotary shaft
and a rotator fixed to the rotary shaft, wherein the rotator
has multiple stages of rotor blades (moving blades) ar-
ranged radially. The compound type vacuum pump also
has a stator portion that is provided with a multiple stages
of stator blades (stationary blades) arranged to alternate
with the rotor blades.

[0108] Alsoalthough notshown, acompound type vac-
uum pump with a thread groove pump portion is further
provided with a thread groove spacer that has a spiral-
shaped groove on its surface opposite to a rotating cyl-
inder and is opposite the outer peripheral surface of the
rotating cylinder with a predetermined clearance there-
between, and a gas transfer mechanism in which when
the rotating cylinder rotates at high speed, the gas is sent
toward the side of the outlet port while being guided by
the thread groove (spiral-shaped groove) as the rotating
cylinder rotates. The smaller the clearance the better, in
order to reduce the force of the gas flowing back toward
the inlet port.

[0109] Also although not shown, a compound turbo-
molecular pump with a turbomolecular pump portion and
athread groove pump portion is further provided with the
foregoing turbomolecular pump portion, the foregoing
thread groove pump portion, and a gas transfer mecha-
nism in which the gas is compressed by the turbomo-
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lecular pump portion (first gas transfer mechanism) and
thereafter further compressed by the thread groove pump
portion (second gas transfer mechanism).

[0110] With this configuration, the Siegbahn type mo-
lecular pump (1, 100) according to each of the embodi-
ments of the present invention can achieve the following
effects.

(1) Loss of the gas molecules turn at the flow channel
(the outer returning flow channel) formed on the out-
er diameter side can be minimized. Therefore, an
efficient Siegbahn type molecular pump can be con-
structed.

(2) Synergetic effect can be exerted on the exhaust
action by the groove portions (900, 901, 902) and
the oblique plates (70, 71). Therefore, the momen-
tum of the gas molecules is proactively prevented
from being dissipated in the outer returning flow
channel, keeping the continuity of the exhaust action
in the outer returning flow channel.

[0111]

1 Siegbahn type molecular pump
2 Casing

3 Base

4 Inlet port

5 Flange portion

6 Outlet port

7 Shaft

8 Rotor

9 Rotating disc

10 Rotating cylinder

20 Motor portion

30 Radial magnetic bearing device
31 Radial magnetic bearing device
40 Axial magnetic bearing device
50 Stator disc with spiral-shaped grooves
50a Outer diameter end portion

51 Stator disc

51a Outer diameter end portion

60 Spacer

70 Oblique plate

71 Oblique plate

90 Rotating disc with spiral-shaped grooves
100 Siegbahn type molecular pump

900 Groove portion

901 Groove portion

902 Groove portion

1000 Siegbahn type molecular pump (conventional)
5000  Stator disc (conventional)

9000 Rotating disc (conventional)

Claims

1. A vacuum exhaust mechanism, comprising:
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a housing in which an inlet port and an outlet
port are formed;

a rotating shaft contained in the housing and
supported rotatably;

a rotating body part that has a rotating disc-
shaped portion disposed on the rotating shaft or
an outer peripheral surface of a cylindrical body
disposed around the rotating shaft;

a stator disc-shaped portion that is disposed
concentrically with the rotating disc-shaped por-
tion and is opposite to the rotating disc-shaped
portion in an axial direction with a space there-
between; and

a spacer portion that is formed separately from
the stator disc-shaped portion, or integrally with
the stator disc-shaped portion in order to fix the
stator disc-shaped portion,

the vacuum exhaust mechanism transferring a gas
suctioned from a side of the inlet port to a side of the
outlet port by an interaction between the rotating
disc-shaped portion and the stator disc-shaped por-
tion, wherein

a spiral-shaped groove with a ridge portion and a
root portion is provided in at least a part of an op-
posed surface of at least either the rotating disc-
shaped portion or the stator disc-shaped portion in
the axial direction, and

the rotating disc-shaped portion has, in at least a
part of an outer peripheral portion thereof, a groove
portion for connecting a surface of the rotating disc-
shaped portion on the side of the inlet port with a
surface of the same on the side of the outlet port.

The vacuum exhaust mechanism according to claim
1,

wherein the groove portion is disposed to incline in
an exhaust direction of the vacuum exhaust mech-
anism at an inclination angle to a central axis of the
rotating disc-shaped portion.

The vacuum exhaust mechanism according to claim
2,

wherein

an oblique plate which opposes to at least either an
opening end of the groove portion on the side of the
inlet port or an opening end of the same on the side
of the outlet port is provided to at least either the
stator disc-shaped portion or the spacer portion, and
the oblique plate is disposed to incline in a direction
opposite to the inclination angle of the groove portion
at an inclination angle to the central axis of the ro-
tating disc-shaped portion.

A compound type vacuum pump, comprising in a
compounded
form:
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10

a Siegbahn type exhaust mechanism portion
having the vacuum exhaust mechanism of claim
1,2o0r 3; and

a thread groove type molecular pump mecha-
nism portion, which is a vacuum exhaust mech-
anism that has a thread groove in at least a part
of an opposed surface, at which a stator portion
disposed inside the housing and an outer pe-
ripheral surface of a cylindrical body disposed
around the rotating shaft are opposite to each
other, and transfers the gas suctioned from the
side of the inlet port to the side of the outlet port.

5. A compound type vacuum pump, comprising in a

compounded form:

a Siegbahn type exhaust mechanism portion
having the vacuum exhaust mechanism of claim
1,2o0r3;

rotor blades that extend radially from the rotating
shaft or an outer peripheral surface of a cylin-
drical body disposed around the rotating shaft;
and

a turbomolecular pump mechanism portion,
which is a vacuum exhaust mechanism that has
stator blades disposed with a predetermined
distance to the rotor blades and transfers the
gas suctioned from the side of the inlet port to
the side of the outlet port, by an interaction be-
tween the rotor blades and the stator blades.

6. A compound type vacuum pump, comprising in a

compounded form:

a Siegbahn type exhaust mechanism portion
having the vacuum exhaust mechanism of claim
1,2o0r3;

a thread groove type molecular pump mecha-
nism portion that has a thread groove in at least
a part of an opposed surface at which a stator
portion disposed inside the housing and an outer
peripheral surface of a cylindrical body disposed
around the rotating shaft are opposite to each
other and transfers the gas suctioned from the
side of the inlet port to the side of the outlet port;
and

a turbomolecular pump mechanism portion,
which is a vacuum exhaust mechanism that has
rotor blades that extend radially from the rotating
shaft or an outer peripheral surface of a cylin-
drical body disposed around the rotating shaft
and stator blades disposed with a predeter-
mined distance to the rotor blades, and that
transfers the gas suctioned from the side of the
inlet port to the side of the outlet port, by an in-
teraction between the rotor blades and the stator
blades.
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A rotating body part according to any one of claims
1,2 and 3, which has the rotating shaft and a rotating
disc-shaped portion disposed around the rotating
shaft, and is used in a vacuum pump, wherein

the rotating disc-shaped portion has, in at least a
part of an outer peripheral portion thereof, a groove
portion for connecting a surface of the rotating disc-
shaped portion on the side of the inlet port of the
vacuum pump with a surface of the same on the side
of the outlet port of the vacuum pump.

The rotating body part according to claim 7, wherein
the rotating disc-shaped portion has a spiral-shaped
groove with a ridge portion and a root portion in at
least a part of at least either a surface of the rotating
disc-shaped portion on the side of the inlet port of
the vacuum pump or a surface of the same on the
side of the outlet port of the vacuum pump.

The rotating body part according to claim 7 or 8,
wherein the groove portion is disposed at a prede-
termined angle to a central axis of the rotating disc-
shaped portion.

Arotating body part, which is used in a vacuum pump
having an inlet port and an outlet port and which has
a rotating disc-shaped portion, wherein

atleast a part of an opposed surface of at least either
the rotating disc-shaped portion or a stator disc-
shaped portion that is opposite to the rotating disc-
shaped portion in an axial direction with a space ther-
ebetween, has a spiral-shaped groove with a ridge
portion and a root portion in the axial direction, and
the rotating disc-shaped portion has, in at least a
part of an outer peripheral portion thereof, a groove
portion for connecting a surface of the rotating disc-
shaped portion on the side of the inlet port with a
surface of the same on the side of the outlet port.

A rotating body part, which is used in the vacuum
exhaust mechanism of any one of claims 1 to 3.
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